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@ Data compression. 



®. A method of proosssing data for transmission 
from a transmlitar T to a reoelver R*'both of which 
ara switchable t>0twem a comprssslon moda in 
which the data stream is encoded or dacodsd with a 
data comprassion algorithm and a transparent mode 
In which the data stream is transmitted or rec^yed 
unencodod . comprising reading an input data 
stream at the t r an sm Ht er encocGng at least part of 
the input data stream with the data compre^lon 
algorithm to form a compressed stream, moni- 
toring the efficiency of compression of the com- 
pressed data stream and controlling the switching of 
^the mode of the transmlttar T and receiver R so that 
^the input data stream is transmitted efficiently. 

In the transparent mode both the recelvBr and 
Ovie transmitter c^eck independently the efficiency of 
^compression and switch to the compression mode if 
the transparent mode is detained to be ineffidenL 
piln the compressiOT mode the transmitter T deSi^ 
iv^mlnes fte efficiency of compression and transmits a 
control code to the receiver R. switching both the 
^receiver mid transmitter to the transparent mode if 
^the compressbn mode is datemilned to be ineffi- 
Uldent. 
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j The present Inventiorr relritas to data compres- 

• slon systems. Most usaful forms of data have a 
significant degree qf redundancy and as^ a result It 
fs qften adyajit^sous ito -use ^ date, compression 
system to ^ encode the- data In .such a ,::way that 

• redundant signals are ellnnlnated, thereby reducing 
the space needed to ^re the dataior reducfr^ the 
baaridwfdth r^ulred ^ transmit data. , . 

It is Impwn ta use p-method of processing data 
for tran^smlsslon fjr^ a- transmitter to a receiver 
both of whicli are awtehabf^. between : a compres* 
Stan mode In which data, strain is::.encoded or 
decoded with a,data. compression ralgorithm and a 
transparent mode in w,hi^ the data stream is'trans- 
mitted or received unencoded,',comprT8rng reading 
an input d&ta stream at the transmitter, coding at 
least part of th^ iripLit 4^ stream with the data 
compnesslpn algorrthm 1o, ^rm a compressed data 
-streamt riipnftorirQ the efft^clency of compression of 
the compressed data stnaam and controlling the 
switching of the nipdO; of the, transriiltter and re- 
ceiver so "^af. the input data strearny ie transmitted 
efficiently. : ^ 

Tiiere Js a significant overhead associated with 
the use of data compression algorithms and as a 
result in those, parts of an input data stream which 
have a low degree of redundancy^ the use of the 
compression algorithrn can resuitiri a cornpression 
ratio less than unity, that Is the ^^oonfipressed" data 
occupies inpre space, than the. uncompressed data. 
Jt f^ been proposed to use metfipds of cornpres- 
sjon such as that described a^ which the 
,, efflciency of the compression . process is monitored 
and tfie transmitter and, receiver ;are/sw|tcheid be- 
tween a qompression mode in which the data Ip 
encoded using a . cpmpresshin algorithm and a 
tr^nsppient mode In which the c^^ transmitted 
^ without cpmpres^ as apprppii^to „to ^ensira 
maximum efficiency; In one such systenf) the con- 
. t^nts of fn entire data buffer are encoded usnng a 
dfila compnession algprithrri and the resulting data 
eramlned dete in fact 

J. occupy, less space. "The from the. shorter of 
;!he TOmpessed/iirtcompressed. buffers Js then 
^. transmitted, together w^^ header which Indicates 
whether the transmitted datai is compressed or not* 
Jhe dacotter at.the receiver ttjen operates in the 
r t;ansparBnt or. the compressed mode, according to 
tfie value of the header This has the 

disadvantage that . If is i^^^^ sfnce it can only 
operate on complete buffers ^nd Js Jnef^ 
there are, are significant varlatlons^iri the na^^^ of 
the data within a single Jbuffer.^ The naed to encode 
an enflre buffer before 'transmission Introduoes a 
significant delay and moreover there Is a significant 



itr *^'Overheud''asiiodaied with ail data since uricUrnpres* 
^ '^;ed data stiU needi) to be pnefixed wHh^a coda to 
* Indicate that the' ^receiver t:shbuid ^ operate in the 
transparent mode. As an alternative to accumulat- 
.6 ^ : ing an entire buff^r-before detsrmining whether the 
V pontpressed^ or transparent ^mode is • appropriate 
7!f-tsc'fien)es'"hi9rve also been proposed" in which a 
-sarnple .from? ihe beginning of the data stream is 
1 tested ito .ddtemilne which method of transmission 
13!. is' most-.eff!oleritiandf the.,re3t 0^ the ^data stream 
^i tnsihsntitted : and - received In ^e compression or 
transparent i mode according to the refsuits cf that 
. detenDinatbnion the;sampie.>This implementation 
of thOvmefhod outfinedabov^suffer^ the dissidvar>- 
75: tage ithat' the overall efficiency of transmission can 
;r ,\:;<be:.seriouslyi.affac^ If t^^ Inrllar sample from the 
; y .>^data iStreamt' is . imrepresent^ve ' of ^ thev data as a 

whole. . 'KX'H: . 

\v L. rvrAccordlng to in such a 

sa .ii^meVhod .the transparent niode titoth the reaver 
V :r^\ and ther transmitter checic Independently the effl- 
; v.; ;^x[enGy>i^ .TOmpresslon.m^ swHeh to the ^cbmpreS" 
1 ffSlon mode if the transparent rhode^ is deterrhined to 
be inefficient,; and in the oompresslon'-mode the 
26irDtrr4ismKt!er determines tiiS: efficiency : of compres- 
sion and transmits a control ooda.to t^ie. receiven 
,u both t^^^ receiver ond^.transmitteHr thereby ev^tchlng 
v.:^ ; tovthe transjxarent mr Je if the compression mode 
H^vivis dotenT^ined to beinefficier^ ^ j r 

SO/ , n.The tranamission of^u'::«onal chanactero from 
*tthe;^<trar®mlttor/tO::i^^ recelvei' to provide bontiol 
codes which swltd^ the receiver between; modes 
jv.hssja ^ew'ioua^ effect on th^ ef3c!ency^of the trans- 
, ^^ mi^iof?,systBm ; when the isystemr.ls opeirating in 
^;the trarisparent mode, in the cornpression mode by 
/:): corrtrrist the use of the cornpression algDHthm fiiees 
> < bandwidth on the: transmission cSBsr^ner which can 
be: usisd fior the ooritrol codes. >The'preswt Inventor 
has found that signlflcaBfit advantages arise from the 
40 f, method of the present Invention^ in wNch when in 
c the transparent mode tho .transrnltter and recewer 
: jnprM^r .the efficiency of dompresslorr tndependent- 
. ly andxso switch between modes where appiopriate 
-wlthoLTt jiaquiring the transmissbn of control codes» 
45x. x}^. when^the systsmvls Jn tha impression mode 
the-'tranamtt^ trarismils: a. code fp causa re- 
...v-celyer. tp syw bety/een modes . so that the state of 
. i; tiiS;^ receiver Is , dependent :upon the state . ol the 
.trpnamlter. The provision of dependent switching 
so s. whan the systen^ is in the, compression-mode en- 
. ,vc:abtes^the melhpd;qf.itha preseirt invmition to take 
advantage of the^fact^at the^transmrttar, unfficd the 
. : ^;>?^iye^' fiae: apcess . to data.- which ;has^;not yet 
been transmitted and cm look ahead to detect 
changes in the dale characterislics and where ap* 
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proprfate elect to switch to the transparent mode 
before the performance of the system deteriorates. 
Prompt swHcNng between modes has^i^nd to^to. 
critical In the compression rnode where a compres* 
sion ratio less ttmn unity can result In a severe 
: degradation Jn performance.y.jn tho- transparent 
^fC.mod^iby cojntrsGt, tlie compression ratid is inxed at 
a : unity.: providing , a lower- rflmS ont the/Mclency of 
' .ihe eystemv ; ? . : 

*: 3^ Preferably^!in:the. transparentc mode both the 
\ nsceiyer and trartsnUttart determine Independently 
, the efficiency, of compresslbn of current data and in 

- the- compression mode ^e (transmlttdr . detenmlnes 
fitje efficiency, of compression of r^untrsnsmitted data 

.--In fher.d^ stream. ^Prefer^ly^ttie^^Jtransmitter and 

- recei^ detenmine the effieiehcy ot^mpression of 
.'j the cunent data cby comparing the'^stee of a se- 

vqyenoe...0f data- eymbote: from ^the^'iicynrent data 
before €dfid:anerjcomp^^ andi^vtitnsmltter 
^ ■ determines the efficiency of compressidn of iintrarv- 
. smtted data. from jflhef' data stream 4)y. .calcijlatlng 
ifom: the; untrensmitted dalaLa parameter Indicative 
of Rs compressibility. ^ - 

'^The^daia compresslofi'atoorft^m^emipbyed by 

- the creceiver and transmitters Imitho compression 
: mode..may b^ non-adaptive so that^the code ^rards 
• allocataditD ghm input' symbols -wivsadete^ 

: but- preferably the^ cteta^compressiw^ateo is 
" actaptrve. - the . code words allocate &i)iriputi sym- 

rtois being modified ^m secordaBrtoe :!^^ 
% .;^aclerjsticsiof.the data stream! ^ > ^^^v ^ • 
.^ : ' A .^tsm in aco^ec^cd with ttiis presciht^lnvm- 
1 tion.will now tserdesciii^ ln^d^if^Wlth^^fef^rence 
to the figure of tiwiadcofnpanylng drdv^jgs^whlch 
is/ ari>iock dfagi^r^showing ja lecasiy^ trans^ 
^rrtltter suitable for la the method^^ 6^ present 
\;-|nyention'r.. .^-^tc^. -r^nn-i "^n^ 

A data trariimieston sysfem Cdirri^rj^^ 
vmftter T linked 'via «ttransmiS8ion^:jCh^ to a 
1 ?roceivervR: :7tejtrari8m!86lon ohannel^C rdsy be 

provided by ^ GSTNiinidng i^motd ^6^^ 
; ing the iranamitter^and receiver R respeoively or 
nn^i compfisei a miass storage ^^ce'ib wh16h the 
transmttten T^swrltes dataraitd fi^rh vMHCh- the re- 
. celver R reada^data. In this tattef oas^ ttfe tansmit^ 
. ter X^and receiver fl are formed in^a single dMce. 
i: f The transmitter T includes^ enbdder: t and a 
bypass awitcfv S. - Wlw tie transmittei^-T is In a 
>compression mode data fitrn the finptut trfeti to the 
encoder 1 where It fe endoctetJ iteinff tf dsia com- 
prdsdon ^algorithm. ' In> the^ jpre^m e^^ the 
algorithm uaedUs me weB kndWrf'mimfiin 
: described' in the;p^)^ <sr ^::; Method .^^^ 
. struotionJof >Mlrtimi:im^^ Cddsa*^ by OA 

. Huffman, j»tetedings W IRE, Vdl: 40^^l'952. A- 
^decoder^2 In ^'rei»fver^ H decodes' Ot^r^ved 

- dato'using a ootnplentdntary slgcMAm.^'^^^^^ 

Ift transparerrt modes b^|>a8e^^8wftcH^^,e in 

-5 r bi:;' ••i.;-: *>^';v3i : u74i? :A .>3-nLr;:.- 



the transmitter and receiver operate to bypass the 
encoder and decoder so that data Is transmitted 

- ix and received in uncompressed ffonm. Both the 

transmitter T and receiver R Include transparency 
6 checking mechanisms 3,4 which. In the manner 
. niore fiilfyi^iescribed ' below, deternilne the efft- 
r clency of compression oftthe current data handled 
• ' by. the "encoder iand decoder; The transmitter in- 
z' - eludes in^adcfitfona^pejfbrmance predictor 7 which 
10: ^analyses -data In advance of * Its encoding- The 
,r ^performarice-'predfctor 7^ provides 'output for the 
: transparent Jch&Jc mech^isfh-' 3 fe^^^ the 
. system to i^tch between hiodea when a change 
. vin the nature ofthe daia te'distectisd. 
16'- Hn use; the-eystem starts Ini Irarisparerlt' mode, 

• V the transmitter byp^s swltdi 5 selecting the Input 

data and the dec<kJer bypass svilfch accepting 

V PunencCded date fnorfi- ttio trahsmlsslbri- c T 

The transparency bli^lrig mechanisms 3, 4, in 
2o^ : both: the raceiveir and transmtttier laydiit Indepen- 

, dertly the fbllowliig procedure. • ^ 
^u. ; T^. 0) JdMtffy^a ichdriA^ stailhg' point; 'e.g. the 

. (R) Count the' riurnber of -faits transmitted 
as't ;slncis4hs starting^ pjaht - - - .- 'i ^ ^ ^ 
I: i Calculate d 

V heve; e«efi trinsfnltted If eoifn^sSron - had been 
appiidd -r^^ 

.w< ^ 0v) i« piWetsnnii^' iwe^ the 
so iWuHs of sfaps <n} eirid <ifl) ' ^ ^ 

: : V - (\^<lf the number^of bite frbm'ilti) Is less than 
' ' *the-nurhBer of bits from <B) sWlt^ to oompression 

• ' mode and b^ln transmittirig/^lcelvlng the date In 
'V '"' 'compressed'Hbnrni • ' ' ' 

com presses 

' the cfa^ pribr to MnsT^ de- 

coder pJerfonrns the lwei%e liftwtf 
' ' 1ehcy ^chedohsj :medH%niiii'1h=' the redshrer darries 

- *^the following steps:' =^ '-^^ i^? t c-i^ 
46 ' Mi) I<ton% toown^^^ 

^ ^ flOvCkJunt the'^^^ 

f ' (lOK-Ggiculaie ™ bits that vwjtdd 

^ Rave been' firafemltted' had not been 

■applied''^-' " r ^T.,- r-..„, ^ 

49 v^^-' ?^i(iv) At predeiermincid intervals cbrnpaie the 
' ret^Hs of step (ii) wRff tfie restilts of iiep m 

' ""^ (y) » the number qfljits from (lii) Is leiis than 
the' nufftber'^^ bits from transrnit ah^ explicit 
' - code word* to the' dei^ transition to 

50 triansparenl nnode; and begin tiansmltllng thi§ data 
^ in unc6m(»e«^d form. • • 

* The perfbimahtt predictor 7 In the* tran^ltler 
*< OBrrleis'out^e fdliBwIng stops When'th^ eystm Is 

- • fni the com preaaion mdde; '*' 

65 ^ (I) Bffimine the data as y^ untransmlttsd tor 
cfmr^rieitos that Indcste^at the ipnarformarice of 

* the dsta oompressiipAi enoocler nruy be degmled 

"■ ^^ • /(II) » tl* taai^ap^^^ (I) Indicates that the 
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perfonnance would be dogradod if the encoder 
remains in compressed nrtode transmit an expiictt ^ 
code word to the decoder to signal transition to 
transparent mode and begin transmitting tlie data 
vr\ uncompressed form. 

In compression mode the decoder: 
(i) receives and decodes code words 
(li) when an explicK code word is received 
indicating that a transition to transparent mode Is 
being made switches to transparent mode. 

The system outlined above provides improved 
efficiency in both transparent and compressed 
modes. In compressed mode the encoder looks 
ahead for changes in the data characterfsttcs and 
can elect to switdi to transparent mode before 
performance deteriorates. In transparent mode no 
transmitted bandwidth is wasted on explicit signals 
transmitted between the transmfttsr and receiver to 
Indicate the change of state. 

Alternative arrangements are possible in which 
both tr^smitter and receiver rely solely upon 
checics carried out on current data without use of a 
predictive function. 

As outlined above the transparency check' 
function 3 in the trananitter counts the number of 
bits entering the encoder 1 and the number of bits 
lea>^g the encoder 1* After a pre-defined Interval, 
which fn the present example comprises 256 Input 
characters, the two counts are compared and If th^' 
number of bits leaving the encoder is less than the 
number of bits entering it then the bypass switch 5 
is switched by means of a control lead 12 to 
accept Input from the encoder 1 thereby from that 
instant onwards transmitting the compressed data 
stream over the transmission channel. 

The transparency checking mechanism 4 in the 
receiver performs an equivalent function to that in 
the transmitter in transparent mode and may op- 
tlonaily do so as well in compression mode. The 
transparency checldng mechanism 4 includes a 
copy of the encoder function which it uses to 
calculate the same count of encoded and unen- 
coded bits as the oonesponding transparency 
checking mechanism 3 In the encoder. The two 
transparency checking mechanisms 3,4 employ 
identical logical decision functions and so switch 
from transparent to conrpressed modes at identical 
points within the transmitted bit stream. 

The perfonDdnce predictor 7 in the transmitter 
may take a number of cSfferent forms, but In the 
present example counts the ftequency of occur- 
rence of the characters within the Input data stream 
In advance of ^eir being encoded and calculates 
the following prediction function which produces an 
output dependent on~the~average length of the 
characters: 

(i) Let the input characters be drawn from 
the set cIO]..c[n] and let the character size be S 



^ Kts l[typi^n^ bite)^^^ "^J^'"'' 
" ' '(ii) ili^t the cbunt6Mi^'bceur?en^ 
each character be f[0]..f[n] ,1 ,1 ! - • -^ 
' (iil) Uet the oodewo^^ the 
6 eincqdei' ('1) fdi*;^h"chariacter bV L[OtX[f^^^ 

(iv) Let Suni (x[i]) represerit the sum fdr* F aO 

* ■ \6 K of'x[i]^ 'y^' - ■ '^^ \ 

(V) Calculate A = Sum*(fp^^^^ 
' If the value of A is greater than the number of 
10 . Input characfers then the ericoder^^i^^ 

di&terferate and the transparency check func- 
tiion 3' 8igAaJ> Via a c^ i^ 1 0 that the encoder 
3 shoutd ehit a: speclaJ '' cbiitrol codeword. After 
enrritting the special contrci codeWbitl' the^ 
ts ^Acfi 5 Is si^tched'tb acoejst'uncbrripr^ssed input 
data: and the^ transparent 

state. 

Oh VeceMng the spaciAl control codeword the 
receiver discards the codeword* switches ti)e by-» 
20 ' i>ass switch to a^^ input data and 

* 'i'eihterf tho'tra^^ s£lte. ^' ' ' ; ^ 
l^ V! V scheme Is de8d'it)ed' ab^^ 

' ^ refeifertce to the Htiffirian algorithm w^ 

adaptive the present ' invention ' mi^' equali^^^ be 

25 used with adaptive compression systems In which 
the codewords assigned in the compression mode 
are varied to suit the current characteristics of the 
data stream. In this case the predictive function is 
varied appropriately to match the encoding function 

30 used. 



Claime 

ss 1. A method of prdcessing data tor transmis* 
slon from a transmitter to a receiver both of which 
are switchable between a compression mode in 
which a data stream is encoded or decoded with a 
data compression algorithm and a transparent 

40 mode \n which the data stream Is transmitted or 
raoeh/ed unencoded, comprising readfftg an input 
data stream at the transmitter, encoding at least 
part of the Input data stream wKh tiie data cmi- 
presslon aJ^rithm to form a compressed data 

4S stream, monitoring the efficiency of compression of 
the compressed data stream and controlling the 
switching of the mode of the transmitter and re- 
ceiver so that the Input data stream Is transmitted 
efficiently, In which in the transparent mode both 

50 the receiver and the transmitter check indepen- 
dently the efficiency of compression and swteh to 
the compression mode if the transparent mode is 
determined to be inefficient, and In the compres- 
sion mode the transmitter determfaies the efficiency 

55 of compression and transmits a control code to the 
receiver, both the receiver and transmitter thereby 
switching to the bmsparent mode If the compres- 
sion mode is detemnlned to be Inefficient. 
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2, A method accordnig to claim 1. in which in 
the compression mode^th^ lrg^iOTftter m^ , . . 'ri^^\^v 



the data stream. ^ . .^^ . . • - ^ .... , .. , ^; 

: ..A A-nn.©lhod,.accbiiJjng^^^^^ which the 5 ; " , . ^ ; ^ ^ J ; . / ^ Z , 

tt^'srpmer monttoi^ the^ eftciency of > » • - ^ 

^jOf untiOT^ date' in the by cal- 

culating ^rbm the untransmrttad data aj.parameter 
Indicative of It? cpnjpressibiBty. ^ 
... ...4^ A mejhoii aopording to jpriy^pne of the pre- lo 

. .. ceding, ciainns, In, wiilch the ttranatjltter fecalver , 
. \;mpT5ltor tHe. e^^ of coiripres^icin Qf cunrent 
V data by cofntjartig the. size oiF'.a!sequerice.Cjf d 
, symbols ..fronpi.^he. currert^ date^bror^ ,a^^ after 

^ V ,,^5^ A me^hod , according to ^e pf .&ie pre- 
v.lr.c^lnft ddm|, jriVhich the! data.;. compie^ al- 
' gdrfttim is noivadaprtive so that' the ood© j^rds 
allocated to., glyen . Input ^ 8yml[}pls .,.arf ^predeter- 

• mined^l!'.- ^ -'-ir '^wrv '--^'V^ ^'^i ^ 

"to 4i in whic*i thV d^^ ^ ; : . . . . , / . - * . ; v. To 

^ ; adaptive^^.,th^ cpdf wctfdsXiloc^i^ r^^:^ ■ -i- er .-'i:::-.'-c> ...J 

bols,.beinV !^ . - i,^^.^^^^^^^^ 

. aci^StiG^..Otthe,Ba^ ^ 5^;. rv:5V,.^.XH'^ ^^o/"?'. ' • k '^ 
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